High viral load is an independent risk factor for development of hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB). Antiviral therapy can reduce but not eliminate the risk of HCC. The aim of this study was to identify the risk factors for HCC development in CHB patients during antiviral therapy. CHB patients with HBV DNA level ≥10 4 copies/mL, with or without compensated cirrhosis receiving adefovir were followed up every 6 months for 10 years (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014). The primary endpoint was the development of HCC. The cumulative incidence and risk factors of HCC were evaluated by the Kaplan-Meier method and multivariate Cox proportional hazards models.
Introduction
More than 80% of hepatocellular carcinoma (HCC) cases occur in Eastern Asia, where the dominant risk factor is chronic hepatitis B virus (HBV) infection. [1] In China, it is estimated that about 74 million people are chronically infected with HBV, [2] and HCC is the second-leading cause of cancer mortality. [3] Two large-scale population studies have shown that high HBV viral load is an independent risk factor for development of HCC. [4, 5] Several studies have also confirmed that long-term nucleotide/nucleoside analog (NA) therapy could decrease the risk of HCC by preventing progression of cirrhosis. [6] [7] [8] However, HCC still develops in chronic hepatitis B (CHB) patients receiving antiviral therapy. [8] [9] [10] [11] [12] The aim of this 10-year follow-up study was to identify risk factors in HCC development in patients with cirrhotic and noncirrhotic CHB receiving oral antiviral therapy.
Patients and methods

Study design and patient demographic
In this prospective study, patients with cirrhotic and noncirrhotic CHB were recruited at Beijing Friendship Hospital, Capital Medical University, China, between January 2004 and June 2004. The inclusion criteria were hepatitis B surface antigen (HBsAg) positivity for >6 months, HBV DNA level ≥10 4 copies/mL and consent to receive adefovir dipivoxil (ADV) at a dose of 10 mg/day. Patients were excluded from this study if they were coinfected with hepatitis D, hepatitis C, or human immunodeficiency virus; had other liver diseases, such as alcoholic liver diseases, autoimmune hepatitis, or primary biliary cholangitis; showed decompensation with history of ascites, varices bleeding, or hepatic encephalopathy; had HCC diagnosed at baseline or within 1 year of follow-up; had combined poorly controlled renal, cardiac, hematological, or pulmonary diseases; and had a history of any malignancy.
Written informed consent was obtained from all patients and the study was approved by the institutional ethical review board.
Follow-up
All patients were followed up every 6 months by monitoring platelets (PLT), HBsAg status, hepatitis B e antigen (HBeAg)/antiHBe status, HBV DNA level, liver biochemistry, alpha-fetoprotein, and ultrasonography of the liver. Computer tomography (CT) and/or magnetic resonance imaging (MRI) and/or hepatic angiogram were performed if ultrasound showed suspicion of HCC.
Virological remission (VR) was defined as undetectable HBV DNA at the time of HCC development or the end of follow-up. Virological breakthrough was defined as a confirmed increase in HBV DNA level of >1 log 10 copies/mL compared with the lowest HBV DNA level during therapy. Suboptimal virological response was defined as a decrease in HBV DNA of >1 log10 copies/mL, but HBV DNA remained detectable after at least 12 months of therapy in compliant patients. Absence of VR was defined as either virological breakthrough or suboptimal virological response.
The primary endpoint was the diagnosis of HCC during follow-up.
Diagnosis criteria of liver cirrhosis
Liver cirrhosis was clinically diagnosed based on the following criteria (modified from reference [13] ): esophageal varices on endoscopy, exclusion of noncirrhotic portal hypertension; or 2 of the following 3 criteria: imaging studies (ultrasound, CT, or MRI) showing any of the following signs of cirrhosis: irregular liver surface, granular or nodular liver parenchyma, splenomegaly (spleen thickness >4.0 cm or >5 rib units); PLT count <100 Â 10 9 cells/L, without other causes; serum albumin <35.0 g/L, or international normalized ratio >1.3, or prothrombin time prolonged >3 seconds.
Diagnosis criteria of HCC
According to HCC practice guidelines from the American Association for the Study of Liver Diseases, [14] HCC was diagnosed by the presence of a typical vascular pattern identified by triphasic CT scan or MRI; if typical findings of HCC were not observed by imaging, the diagnosis was confirmed by fine-needle aspiration biopsy followed by histological examination. Univariable and multivariable Cox proportional hazards regression models were used to estimate the effect of different variables on the hazard of HCC occurrence. Hazard ratios with 95% confidence intervals and P values from the Wald test are presented. The cumulative probabilities of HCC occurrence in different subgroups were estimated by the Kaplan-Meier method and compared using the log-rank test. A P value of <.05 was considered to be statistically significant.
Statistical analysis
Results
Patient demographic
One hundred and twenty patients were enrolled in the study. During the 10-year follow-up, 1 patient developed HCC within 1 year, so 119 patients were ultimately analyzed. A flowchart of the study design is shown in Figure 1 .
The baseline characteristics of the patients studied are shown in Table 1 . In total, the mean age was 39.9 years, 94 (79.0%) were male, 77 (64.7%) were HBeAg-positive, and 28 (23.5%) were cirrhotic. Compared with non-cirrhotic patients, cirrhotic patients were older and had lower albumin (ALB), cholinesterase (CHE), and PLT, but higher gamma-glutamyltransferase (GGT), total bilirubin (T-BIL), and model for end stage liver disease (MELD) score. However, the variables of sex ratio, HBeAg status, HBV-DNA level, alanine transaminase, and aspartate transaminase between cirrhotic and noncirrhotic patients did not show significant differences.
Two patients were diagnosed with lung cancer and gastric cancer at 2.5 years and 3.0 years, respectively; 1 patient died in a traffic accident at 1.5 years, and another succumbed to pneumonia at 7.5 years; a further 31 of the initial 120 patients (25.8%) were lost to follow-up.
Efficacy of antiviral therapy
At the end-point of follow-up, 59.7% (71/119) patients achieved VR; 46.8% (36/77) of baseline HBeAg-positive patients lost HBeAg and of these, 24.7% (19/77) achieved HBeAg seroconversion; HBsAg became undetectable in 3 patients and a further 2 patients underwent HBsAg seroconversion. 
Cumulative incidence and risk factors for development of HCC
During a median follow-up of 10 years, HCC was diagnosed in 16 (13.4%) of the 119 patients. In total, the 3-, 5-, 7-, and 10-year cumulative incidences of HCC were 6.15%, 9.03%, 11.17%, and 15.73%, respectively (Fig. 2) . Univariate analyses showed the risk factors for development of HCC were liver cirrhosis, Child-Pugh class B, higher GGT, T-BIL, and MELD score, and lower ALB, CHE, and PLT, as well as failure to achieve VR (Table 2 ). Multivariate analyses showed that liver cirrhosis at baseline and failure to achieve VR during therapy were independent risk factors for HCC development (Table 2) .
Noticeably, the 3-, 5-, 7-, and 10-year incidences of HCC were significantly higher in patients with cirrhosis compared with noncirrhotic patients at baseline (22.12% vs. 1.15%, P < .0001; 34.41% vs. 1.15%, P < .0001; 34.41% vs. 3.97%, P < .0001; 43.16% vs. 7.05%, P < .0001, respectively) (Fig. 2) .
Relationship between virological response and incidence of HCC
Patients were divided into VR and non-VR groups, based on treatment response to antiviral therapy. In total, the 3-, 5-, 7-, and 10-year incidences of HCC were significantly higher in patients without VR compared with those who achieved VR (16.39% vs. 0.00%, P = .0004; 19.09% vs. 2.94%, P = .0022; 26.44% vs. Cumulative risk for the development of HCC in all patients and in patients with and without cirrhosis. The cumulative incidence rate of HCC in patients with cirrhosis was significantly higher compared with non-cirrhotic patients (P < .001, log-rank test). HCC = hepatocellular carcinoma. P for cirrhotic vs. noncirrhotic. g-GGT = gamma glutamyl transpeptidase, ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, CHE = cholinesterase, HBeAg = hepatitis B e antigen, HBV = hepatitis B virus, MELD = model for end-stage liver disease, PLT = platelet, T-BIL = total bilirubin. Table 2 Univariate and multivariate analysis of risk factors for development of HCC. 2.94%, P = .0002; 26.44% vs. 9.13%, P = .0036, respectively) (Fig. 3A) .
As cirrhosis was an independent contributing factor to the incidence of HCC, the following analysis was performed. Patients were classified as cirrhotic and noncirrhotic, then the relationship between virological response and incidence of HCC was studied in these 2 groups. In patients with cirrhosis, the 3-, 5-, 7-, and 10-year incidences of HCC were significantly higher in patients who failed to achieve VR compared with patients with VR (49.65% vs. 0.00%, P = .0023; 62.24% vs. 13.33%, P = .0028; 62.24% vs. 13.33%, P = .0028; 62.24% vs. 27.78%, P = .0139, respectively) (Fig. 3B) . Furthermore, the annual incidence of HCC in patients with cirrhosis who attained VR on NA therapy decreased to 2.8%. Among noncirrhotic patients, 2 patients with VR were diagnosed with HCC during the 9th and 10th year, respectively. One patient without VR developed HCC during the second year and a further 2 patients without VR developed HCC during the 6th year. The 10-year incidence of HCC in patients without VR was higher than those with VR, but there was no statistically significant difference (13.41% vs. 3.96%, P = .0692) (Fig. 3C ).
Discussion
This 10-year follow-up study of CHB patients shows that the risk factors for development of HCC in patients with chronic HBV infection receiving NA therapy were liver cirrhosis at baseline and failure to achieve VR at the time of HCC diagnosis.
In our study, univariate analysis showed that the baseline variables of lower ALB, CHE, PLT, higher T-BIL, cirrhosis at baseline, and absence of VR during NA therapy were risk factors for development of HCC. However, multivariate analysis showed that only liver cirrhosis and failure to achieve VR during NA therapy were independent risk factors for HCC. One explanation is that high T-BIL, along with low ALB, CHE, and PLT, were all associated with cirrhosis, so multivariate analysis did not show significant associations between these factors and the development of HCC.
Our finding is in line with previous reports that cirrhosis was found to be an important risk factor for HCC not only in CHB patients not receiving antiviral therapy, [15] but also in those receiving antiviral therapy. [8] Furthermore, a meta-analysis of pooled data from 49 studies of 6129 CHB patients with cirrhosis and 3359 CHB patients without cirrhosis revealed that the rate of HCC was 10-fold higher among patients with cirrhosis compared with those without cirrhosis (3 vs. 0.3 per 100-person year follow-up). [16] In our study, the 10-year cumulative incidence of HCC was nearly 6-fold higher in cirrhotic patients compared with noncirrhotic patients (43.16% vs. 7.05%). This further supports the recommendations for closer HCC surveillance in CHB patients with cirrhosis even they are on antiviral therapy.
In addition to liver cirrhosis, failure to achieve VR on NA therapy was an independent risk factor for development of HCC in CHB patients in the present study. For cirrhotic CHB patients, those achieving VR showed a significantly lower incidence of HCC compared with patients without VR. For CHB patients without cirrhosis, the 10-year cumulative incidence of HCC was higher in patients without VR than in patients who attained VR, but this was not statistically significant. One possible reason for the absence of significance is the small number of noncirrhotic CHB patients progressing to HCC development (2 and 3 patients with and without VR, respectively) during the study period.
The long-term effect of NA in lowering the risk of HCC development is still an issue under discussion. Studies involving CHB patients from Asia showed that lamivudine decreased the risk of HCC not only in patients with cirrhosis, [6] but also in noncirrhotic patients. [17] However, results of a Greek nationwide cohort study including 818 CHB patients, with or without cirrhosis, followed up for a median duration of 4.7 years, showed that VR on lamivudine monotherapy did not significantly affect the incidence of HCC in all patients or those with cirrhosis. [11] One possible reason for this contradictory finding may be differences in the patients' baseline characteristics and duration of antiviral therapy. Cumulative risk for the development of HCC according to virological remission in total, cirrhotic and noncirrhotic patients. The cumulative incidence rate of HCC was significantly higher in patients without virological remission compared with patients who achieved virological remission in the total cohort (A) and in cirrhotic patients only (B). Among non-cirrhotic patients, the cumulative incidence of HCC in patients failing to achieve virological remission was higher compared with those attaining virological remission, but this difference did not achieve statistical significance. HCC = hepatocellular carcinoma (C).
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Our study was a long-term study; the relationship between VR and the risk of HCC was evaluated in both cirrhotic and noncirrhotic patients. Our study further confirmed that only effective treatment could decrease the risk of HCC in CHB patients. Furthermore, in a systematic review including 2 randomized and 19 cohort studies with 3881 treated and 534 untreated patients, HCC occurred less frequently in the treated group compared with untreated patients during a 46 (32-108) month period (2.8% and 6.4%, respectively; P = .003), and HCC developed less frequently in patients achieving VR compared with those with virological nonresponse or breakthrough (2.3% vs. 7.5%, P < .001). [12] The limitations of the present study include the following. First, the patients did not undergo liver biopsy for the diagnosis of cirrhosis. Cirrhosis was clinically diagnosed with the presence of definite evidence. Therefore, the presence of cirrhosis may have been underestimated in the patient population. Second, drug resistance mutation analysis was not performed in patients who did not achieve VR. Third, according to current international CHB guidelines, [18] ADV is not recommended as the first-line NA treatment; thus, the patients in the present study may not represent the current population of CHB patients who have been treated with entecavir or tenofovir. However, the high resistance to ADV in the present study supports the view that we should pay more attention to virological response to NA therapy and drugs with potent antiviral activity and high-barrier to resistance should be the first choice for CHB patients.
In summary, cirrhosis at baseline and failure to achieve VR during antiviral therapy were significant risk factors for HCC development in CHB patients. Effective viral suppression is necessary to reduce HCC development in cirrhotic patients with CHB. We should strictly monitor the virological response to NA therapy in CHB patients, especially in those with cirrhosis.
